Endothelial cells have eosinophilic cytoplasm and round to oval nucleoli which project into capillary lumen. Their surfaces have a negative charge (23) . Endothelial cells completely line the inner surface of the glomerular capillary loops and have fenestrated regions and nonfenestrated regions. The fenestrations are round to oval and measure approximately 70 to 100 nm in diameter. These fenestrations are open and lack a diaphragm (10) . Many molecules are produced by endothelial cells that function in the immune response and coagulation system, and also mediate vasoconstriction and vasodilatation (24) . The mesangium supports glomerulus capillary tuft which regulate glomerular filtration by contraction properties (25) . These cells have a phagocytic function that clears debris from this region (26) . The mesangial matrix is structurally similar to basement membrane of glomerulus. This can be seen by Periodic Acid Schiff (PAS) and silver staining. Endothelial cells and visceral epithelial cells have a common basement membrane of 310-380 nm thickness (27) . It is thicker in males than females and has variation depending physiologic conditions (28) . Visceral epithelial cells are located outside of glomerulus capillary wall, bulging to Bowman's space between the two epitheliums. They have eosinophilic cytoplasm and processes that surround glomerulus and capillaries and divide to foot processes afterwards. The processes have contraction function related to actin, myosin and α-actinin in their cytoplasm (28) . The foot processes are arranged on basement membrane with a 25-60 nm distance from each other and called filtration split . These cells have a negative charge (29) . The parietal epithelium of Bowman's space is simple squamous layer. These cells have 0.1-0.3 µm height which increases around nucleus region. The epithelial cells have a basement membrane on Bowman's capsule. Golgi observed a unit named juxtaglomerular apparatus in vascular pole of glomerulus (30) . The juxtaglomerular apparatus is a complex structure composed of specialized epithelial cells, the macula densa, vascular components (including portions of the afferent and efferent arterioles), and extraglomerular cells known as lacis cells (31, 32) . Rennin and angiotansin II are produced in these cells (33) . The macula densa consists of a plaque of specialized tubular cells, polarized to the glomerular side of the tubule and projecting into the lumens that are taller than collecting tubules cell with an apical nucleus, and short surface microvilli, but lack lateral interdigitation characteristic of other cells of the thick ascending limb (10).
Proximal tubule
This unit is about 14 mm long and is composed of a convoluted and a straight portion (21) . The convoluted part forms some coils near its glomerulus in the cortex and then goes to medulla and forms straight part. In histologic section of cortex, the major part of tissue is composed of proximal convoluted tubules. In biopsy sections, collapsed lumens of these tubules are seen (34) . Proximal tubule cells are cuboid or short columnar with eosinophilic cytoplasm, often granular and a round nucleus in the center . These cells have many mitochondria located at the cell base. In apex of cells, there is a brush like border which can vary in different parts of proximal tubules. The proximal tubules' task is reabsorbtion of the majority (60%) of glomerular ultrafiltrate. This includes sodium, chloride, glucose, amino acids, bicarbonate and water.
Henle`s loop
Between proximal and distal tubule, there is a U-shape unit named Henle`s loop. Resting on medulla, Henle's loop can be long or short depending on the glomerulus location. Their cells
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Topics in Renal Biopsy and Pathology 48 are flat, 1-2 µm thick with nuclei bulged into lumen and with attenuated cytoplasm with no brush border which creates a resemblance to the endothelial lining of a capillary . Henle`s loop have a role in concentration of urine. The transporting of water and chloride sodium in this loop is passive.
Distal tubule
This unit connects to ascending part of Henle`s loop and is composed of thick part of the loop, distal convoluted tubule and macula densa as described in juxtaglomerular apparatus. The thick part of Henle`s loop has cuboidal cells with eosinophilic cytoplasm and round nuclei, often bulging into lumen .These cells have many mitochondria with active transport of materials especially sodium chloride. In contrast to proximal tubule, these cells have less height, less eosinophilic property and no brush border. After this part, distal convoluted tubule begins which is the terminal part of distal tubules. These cells are similar but taller than thick ascending cells and have round nuclei, without brush border and indistinct lateral cell border and less eosinophilic than proximal tubules. Their lumen is often open . Their function is reabsorbtion of chloride sodium. In the end of distal convoluted tubules, a transitional segment begins which connects these tubules to the collecting duct system. Most nephrons connect to initial collecting tubules (35) . About 40% of nephrons connect to arcades which have three nephron attachments and every cortical collecting tubule, connects to 11 nephrons (9). The collecting duct system has t similar cells to distal convoluting tubules and cortical collecting ducts.
Collecting duct
This unit begins near the end of distal convoluted tubules in the cortex and goes to the tip of papilla. This system has three part in cortex, outer medulla and inner medulla which are covered by different epithelial cells (36) . The cortical part has cuboidal cells with round central nucleus, distinct lateral cell border, open lumen and no brush border .There are two distinct cells in this unit: principal cells and intercalated cells, which are difficult to differentiate in light microscope, but the former has a clear cytoplasm. Principal cells function, is potassium secretion into the cortical collecting duct. Intercalated cells are darker than principal cells and are interspersed in lining of collecting duct. They have many mitochondria and also carbonic anhydrase II enzyme. The cortical part of collecting duct involves in acidification of urine (37) . The outer medullary part of collecting duct is lined by similar cells to cortical part, only taller. This part is also involved in urine acidification. In the last part of collecting duct, named inner medullary collecting duct, there is an increase in diameter and height of epithelial cells as the duct is descending (38) . It means that cuboidal cells gradually turn to columnar cells. This part plays a role in urine concentration.
Other parts of kidney tissue
The kidney artery distribution was introduced in the first pages of this chapter. Interstitium of the kidney is about 5-20% of cortex (39) . This part is composed of extracellular matrix and interstitial cells, but cannot be seen in light microscopy (40) . This part is increased in medulla and reaches 10-40% of medulla (41) . In this region, it could be seen as gelatinous appearance. The interstitial cells are involved in producing extracellular matrix and some endocrine substances such as those function as antihypertensive (42) . Lymphatic vessels are not prominent in light microscope view. They are originated close to interlobular arteries and make arcuate and interlobar lymphaticvessels which drain into lymph vessels locates at kidney hilus. The lymphatic vessels are believed that exist only in cortex (43, 44) . The kidney nerves are originated from celiac plexus (45) and accompany vessels in cortex and medulla (46).
Renal biopsy techniques
Renal biopsy has an important role in diagnosis, prognosis, and response to therapy. The first renal biopsy was taken about one century ago in the United States. Widespread introduction of renal biopsy for clinical use, began in 1950s (47) . Renal biposy has been used to identify pathologic changes in different clinical conditions and recognize renal diseases with similar manifestations.
Requisition/referral form
In every medical center it should be a form designed for pathologic specimens. Over the biopsy procedure this form should be completed by the physician and sent to pathology laboratory. Minimum informations required in these forms include patient's full name, date of birth, sex, race, date of biopsy, clinical problem(s), type of insurance, address, phone number, emergency situation, fixative fluid, biopsy location and side, physician's name and phone. Specimens should be labeled with patient's name and a second identifier like father's name or date of birth.
Biopsy technique
Renal biopsies are taken by nephrologists or radiologist by True-cut or biopsy gun under local anesthesia. It is performed in prone position for native kidneys and in supine position for transplanted kidneys. Nowadays, biopsies can be obtained by ultrasound or computed tomography guided (47) . The use of biopsy gun, guided by ultrasound has more safety and yield (48, 49, 50) . Each glomerulus has a 200-250 µm diameter, therefore, the needle should be selected properly. 14-guage, 16-guage, and 18-guage needles have internal diameter of 900-1000, 600-700, 300-400 µm, respectively. It is better to use 16 or 14 guage needle as the use of 18 guage needle can result in narrower and fragmented tissue. In renal mass biopsies, the 18-21 gauge needles can be used (51) . Biopsies from subcapsular region show nonspecific sclerosis. The optimum location for biopsy is juxtamedullary, because these glomeruli are the earliest ones involved in focal segmental glomerulosclerosis (52) . Other renal biopsy techniques include transjugular retrograde approach by catheter (53, 54) , laparascopic techniques (55) , and open laparatomic biopsy.
Risks
There is little discomfort experienced by patients in renal biopsies although it is a painful procedure. The most common complication, is microscopic hematuria (almost all patients).
Gross hematuria is occurred in 5-7% of patients (56) . There are some other complications including perinephric hematuria, arteriovenous fistula(57), ileus, renal pelvic rupture and entrance into neighbor organs. Other complications are the need for transfusion (less than 1%), renal loss (less than 0.1%), and death (very rare) ( (47, 58, 59) . Ultrasound guided biopsy and automatic biopsy devices are helpful techniques, but do not decrease the complications (57, 59) . Overall, renal biopsy is considered a safe medical approach (47,60,61).
Gross inspection
The specimen should be handled and processed with great care. It should be moved by a wooden stick like toothpick and forceps use is forbidden because of crush artifact (62) . After renal biopsy is obtained, it should be placed in a drop of saline and examined under microscope for its color and appearance. The reddish pin points or hemispheres on tissue surface are the glomeruli, which are not observable in conditions such as fibrosis and hypercellular bloodless glomeruli, (63) . The biopsy should not be dried after taking the tissue and should be divided as soon as possible. The cylindrical tissue should be divided and fixed in proper solutions for light microscopy, immunofluorescence study and electron microscopy. Longitudinal sectioning is not advised, because the needle diameter is changed to narrower ones. A cutting protocol for needle biopsy in the first sample is cutting 1-2 mm of each end side and fixing in glutaraldehyde for electron microscopy, two third of the remaining tissue from cortical side for light microscopy , and one third of the tissue from cortical side for immunofluorescence study (63) . If there is a second sample, similar cutting is done for electron microscopy, but one third of cortical side is taken for immunofluorescence study and two third of medullary side for light microscopy (62) . Repeated biopsies, need only light microscopy sample (52) . If the specimen is small, immunofluorescence study might be omitted and if it is very small, it is better to process entire sample for electron microscopy (63) The renal biopsies are studied in 4-5 µm sections using different stains. The main staining material for the biopsies is Hematoxilin & Eosin Other stains commonly used in renal biopsies are: Periodic Acid Schiff, Methenamin silver, Masson trichrome, Congo red and reticulin.
Fixatives
For light microscopy, neutral buffered formaldehyde is used. It is suitable for immunohistochemical study and also molecular procedures (62). Bouin`s fluid, mercury based fixatives such as Zenker`s, and Karnowsky`s fixatives have better morphology preservation properties (63), yet they need additional handling precautions, and are not suitable for immunohistochemistry and molecular studies (62) . Methacaren, a modified Carnoy fixative, provides good fixation for light microscopy as well as electron microscopy (64) .In processing, the tissue is better to be wrapped in a wet thin paper like lens paper. In emergency evaluation, the fixative and also processing is done by microwave devices. For electron microscopy, 2-3% glutaraldehyde fluid is suitable. It should be cool and buffered and be made in the last 3 months. Immunofluorescence samples do not need any fixative and should be delivered and frozen in Michel`s media for frozen sections.
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Sectioning and staining
After histologic processing and paraffin embedding, the tissues are sectioned by microtome. These sections are prepared as thin as 3 µm or less for light microscopy. Thicker sections in needed in congo red and Immunohistochemistry staining. The most helpful stains for light microscopy are Hematoxiline and Eosine (H&E), methenamine silver, Periodic Acid Schiff (PAS), trichrome, congo red and reticulin. H&E highlights the cells well, while methenamine silver shows basement membrane and matrix of connective tissues. In PAS staining, there is good highlighting of cells and basement membrane. Trichrome staining is suitable for basement membrane, fibrosis, and deposit assessment. Congo red is recommended for amyloid discovering while elastin stains such as reticulin are helpful in vascular lesions. Table 1 
Specimen adequacy
There is a question of how much tissue is necessary for diagnosis of renal disease. In diffuse glomerular diseases, such as amyloidosis and membranous glomerulopathy, one glomerulus is enough for diagnosis. In focal diseases, considering the random distribution of abnormalities, the probability of finding any glomerulopathy is represented by bionial equation (65) . For example, if we have 10 glomeruli and the disease exist in 10% and 35% of them, we will have 65% and 95% positive report in the biopsy, respectively. Fogo mentioned 25 and 10 glomeruli are needed for most accurate diagnosis in light microscopy for native and transplanted kidneys respectively (52) . In one study it was found that a specimen with at least 25 glomeruli is needed for the biopsies of chronic lesions of the kidney (66) . There is semi-quantification of pathologic findings including glomeruli number, percentage of affected glomeruli, mesangial matrix volume, inflammatory cell infiltrate, percentage of fibrosis and atrophy in different patients. Also quantification techniques in renal biopsy have been reported (67, 68, 69, 70) . These quantifications ha help in monitoring the patients www.intechopen.com 
Differential diagnosis of renal lesions
Renal biopsies are done to determine tissue diagnosis, exclude other diagnostic possibilities, assessing the severity and activity of the lesion (grade), and the amount of irreversible scarring (stage) (63) . There are some steps in renal biopsy evaluation with each step correlating to one the part of the kidney including glomeruli, tubules, Interstitium and vascular parts and correlate them with each other. Any changes in each part of the kidney may be associated with secondary changes in others. The maximum data about renal biopsies is provided by light microscopy, immunofluorescence study and electron microscopy (71, 72, 73) . In the future, genomics and proteomics studies will be used for the diagnosis of renal diseases. In glomerular evaluation, pathologists should diagnose the inflammation, glomerular basement membrane changes, scarring, spikes, fibrinoid exudates, hypercellularity and deposits. In tubular parts, the focus should be on cellular injuries, regeneration, atrophy, cast, edema, fibrosis and crystals. Interstitium pathology includes cellular infiltrate, edema, and fibrosis, while vascular part changes are inflammation, sclerosis, hyalinosis and thrombosis. In overall inspection of biopsy, pathologists should know about the clinical status and chronicity of the disease. In the chronic nephron loss, there is compensatory of remained normal nephrons which leads to a mixture of hypertrophied functioning glomeruli and atrophic non-functioning nephrons (10) . The pathologist also should know that many diseases which affect the kidney, have different manifestations other than kidney. Light microscopy is often the most important tool for detecting the primary site of injury, but to differentiate between the diseases with common manifestation , electron microscopy and immunofluorescence study are helpful (10) . In this section we used Heptinstal Renal Pathology tables and their respective authors.
Glomerular lesions
The clinical presentations of glomerular diseases are very different including proteinuria, hematuria, casts, nephritic syndrome, acute nephritis, renal failure (acute and chronic) and rapidly progressive nephritis. Clinical data about age and urine sediment (nephritic or nephritic), narrows differential diagnoses (74) . There are some reports on the relative frequency of renal disorders in biopsies (75) . The complexity and variety of glomerular diseases is a challenge for nephropathologists (10) . Renal injuries could be categorized as acute or fibrosing. Active lesions include proliferation, necrosis, crescent, edema, and active inflammation. Fibrosing lesions include glomerulosclerosis, fibrosis, crescent, tubular atrophy, interstitial fibrosis and vascular fibrosis (76) . It should be remembered in the prognosis and monitoring of renal diseases that glomerular lesion can change over time. .
There is a standard terminology for glomerular involving lesions report which is stated by Jennette and et al (10, 75 postinfectious glomerulonephritis In each pattern, the injuries should be written and overall the proper diagnosis should be made. The optimum approach to pathologic diagnosis of a glomerular disease is based on the presence of features indicative of specific disease and the absence of the features indicative of other disorders (10) . One of the first steps in evaluation of glomeruli is the distinction between the primary and the secondary lesions. The systemic diseases including systemic lupus erythematous, systemic vasculitis (e.g.Wegner granulomatousis), microscopic polyangitis, Henoch Schoenlein purpura, cryoglobulinemic vasculitis, diabetes mellitus, amyloidosis, monoclonal immunoglobulin deposition disease, hypertension, hepatitis B infection and etc. affect the kidney as well as the other organs. In light microscopy evaluation, each part of glomerulus should be noted for normal and abnormal cellularity and extracellular materials.
In normal morphology of glomeruli, the diagnoses are minimal change disease and thin basement membrane nephropathy and electron microscopy and immunofluorescence would be helpful. Early stages of many glomerulopathies show normal features in light microscopy. If there are capillaries with thick walls, diseases such as membranous glomerulopathy, diabetic glomerulosclerosis, amyloidosis, immunoglobulin deposit disease, should be remembered. Alteration of glomerular basement membrane is summarized here (82, 83, 84) : Where limited sclerosis of glomeruli is observed, focal segmental glomerulosclerosis, Alport's syndrome, and sclerotic phase of different glomerulopathies are differential diagnoses. Hypercellularity may result from increase in mesangial, visceral epithelial, endothelial cells or infiltrate of leukocytes. Mesangial hypercellularity is seen in mesangioprolifrative glomerulonephritis, postinfectious glomerulonephritis, and membranoprolifrative glomerulonephritis. Lobular pattern of glomeruli should remind membranoprolifrative glomerulonephritis with nodular expansion, fibrillary glomerulonephritis, and immunotactoid glomerulopathy. Diffuse sclerosis is seen in end stages of glomerular, vascular or tuboluinterstitial diseases. It should be noted that many diseases may have no changes in morphology at the beginning of their evolution while other diseases such as lupus or IgA nephropathies may result in any of the changes. On the other hand glomerulus lesions are categorized like the following (76,80) nephrotic syndrome secondary to monoclonal immunoglobulin deposition disease because of myeloma casts In addition to light microscopy, immunofluorescence could be helpful in many normal morphology and also many conditions where there is thickening of membranous or expansion of mesangial. It can help to determine the location and pattern of deposits and composition of deposits. Nowadays the routine antibodies which are used in immunoflourescent study are including IgG, IgA, IgM, kappa, lambda, c3, c4, c1q. Some diseases may be dismissed without immunofluorescence or immunohistochemistry use, including light chain associated disease, IgA nephropathy, c1q nephropathy, anti GBM disease, humeral (c4d) transplant rejection, and fibronectin glomerulopathy. In electron microscopy, basement membrane changes such as split, existence and pattern of deposits, fibrillary changes and also mesangial deposits can be diagnosed. Some diseases are detected only by electron microscopy studies including but not limited to fibrillary/ immunotactoid glomerulopathy, amyloidosis, cryoglobulinemia, monoclonal immunoglobulin deposition disease, collagenofibrotic glomerulopathy, fibrinogen glomerulopathy, Alport's syndrome, dense deposit disease, thin glomerular basement membrane nephropathy, lipoprotein glomerulopathy, and nail-patella syndrome. Electron microscopy can differentiate between these diseases due to specific texture of deposits (10).
Tubular lesions
Kidney tubules in cortex and medulla have different architecture and also different cell types. It is worth noting that cortical tubules have few interstitial tissues, compared to medullary region. Many changes could be seen in different renal diseases. these alterations are categorized based on different point of views. Some of these are presented below. First tubular changes introduced (10, 85) 
Interstitium lesions
As it was mentioned in previous chapter, interstitium occupies small portion of kidney tissue and is slightly larger in medullary region. This part of the kidney tissue becomes affected primarily or secondarily in renal diseases. In many lesions of glomeruli, tubular or vascular, interstitium also gets involved and shows pathologic features. Interstitium is the main site that demonstrates pathologic findings in drug allergic reactions and pyelonephritis (10 
Vascular lesions
Kidney vessels are susceptible to many damages. Many immune complexes reach the kidney through blood circulation and are filtered in glomeruli. Receiving about 20% of the cardiac output, the kidneys are constantly exposed to the damaging elements which circulate in blood. The main injuries of vascular elements are listed here (5 with secondary lesion to endothelitis; may cause anemia and thrombocytopenia Emboli -small parts of coagulated blood, fat or tumor cells usually in larger arterioles of the kidney In summary, the importance of clinical characteristics and laboratory results in pathologic assessment of renal biopsies should be stressed. Proper diagnoses can be achieved using light microscopy, electron microscopy and immunofluorescence study of biopsies, in addition to integration of all clinical, laboratory and pathologic data. (10) 18. References 
